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(57) ABSTRACT 
A method of manufacturing a semiconductor device is 
set forth to provide a high-frequency bipolar transistor 
with very fine emitter-base geometry. The method 
comprises the steps of forming a base region, forming an 
insulating layer on the base region, and implanting emit 
ter zones and base contact zones in windows in the 
insulating layer. Only emitter windows are first formed, 
then the emitter zones are implanted and a masking 
layer is provided on the insulating layer and in the emit 
ter windows so that the base contact windows can be 
etched through apertures in the masking layer. The base 
contact zones are then implanted to the base contact 
windows. 

5 Claims, 6 Drawing Figures 
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METHOD OF MANUFACTURING TRANSISTORS 

The present invention relates to a method of manu 
facturing a semiconductor device with at least one bipo- 5 
lar transistor. 

In U.S. Pat. No. 3,928,082 a method of manufacturing 
a bipolar transistor is described. According to that 
method first an oxide layer is provided on the surface of 
an n-type collector region. Then, in a first masking step, 10 
a window is etched in the oxide layer and in the window 
a p-type base region is formed by a doping process such 
as diffusion or ion implantation. Then a thin oxide layer 
is formed in the window, and in this oxide layer, in a 
second masking step, simultaneously emitter windows 15 
and base contact windows are etched. Subsequentely in 
a third masking step the base contact windows are 
blocked by a photoresist mask and donor ions are im 
planted in the emitter windows to form emitter regions. 
Then this photoresist mask is removed, and in a fourth 20 
masking step a further photoresist mask for blocking the 
emitter windows is provided, and acceptor ions are 
implanted in the base contact windows, after which the 
further photoresist mask is removed and emitter- and 
base electrodes are provided in the windows. 25 

This known technique requires four masking steps 
prior to metallization. Of these four masking steps, the 
last two window-blocking steps are rather critical since 
the spacing between the windows is very small, espe 
cially in high-frequency transistors, and the width of the 30 
windows is also very small. This sets a limit to the di 
mensions of the emitter-base geometry. 

In order to obtain transistors for operation at very 
high frequencies, well above 1 GHz such as required for 
instance in wide band amplifiers for satellite-TV receiv- 35 
ing systems, the base-emitter finger pitch and emitter 
finger width should be as small as possible (according to 
their shape the emitter- and base contact zones are often 
referred to as "fingers'; the spacing between their cen 
terlines is referred to as "pitch'). For obtaining such 40 
extra fine geometries a minimum of masking steps, in 
particular of critical masking steps, is required. 
The present invention provides an improved method 

in which only three masking steps are required, only 
one of which is critical with respect to this positioning 45 
relative to a former mask. 
According to the invention a method of manufactur 

ing a semiconductor device with a bipolar transistor 
comprises the steps of 

providing a first insulating layer on a surface of a 50 
collector region of a first conductivity type, 

forming at least one aperture in the first insulating 
layer, 

introducing a doping substance in the aperture to 
form at least one base region of the second, opposite 55 
conductivity type, 

forming a second insulating layer on the base region, 
forming at least one emitter window in the second 

insulating layer, 
implanting a doping substance in the emitter window 60 

to form at least one emitter region of the first conductiv 
ity type embedded in the base region, 

then providing a masking layer on the second insulat 
ing layer and in the emitter window, 

forming at least one opening in the masking layer 65 
above the base region and outside the emitter window, 

etching at least one base contact window in the sec 
ond insulating layer under said opening, 

2 
implanting a doping substance in the base contact 

window to form at least one base contact zone of the 
second conductivity type and higher doped than the 
base region, 
removing the masking layer and 
forming emitter contacts and base contacts in the 

emitter windows and base contact windows. 
The method according to the invention requires only 

three masking steps prior to metallization, instead of the 
four masking steps of the known method described 
above. Furthermore only the last one of these three 
masking steps requires a precise positioning with re 
spect to the emitter window, after which the etching of 
the base contact windows and the implantation of the 
base contact zones is carried out in a fully self-aligned 
manner. With this method a transistor with an ex 
tremely fine interdigitated electrode structure may be 
obtained, for instance with a 2.5 um emitter-base finger 
pitch and 0.75 um emitter-finger width. In combination 
with shallow base- and emitter regions and thin epitaxial 
layers frvalues of more than 7 GHz may be obtained. 
The invention will now be explained in detail with 

reference to the drawing in which 
FIG. 1 is a plan view of the emitter-base geometry of 

a transistor manufactured according to the invention 
and 

FIGS. 2-6 show diatrammatically in corsssection 
along the line II-II of FIG. 1 successive stadia in the 
manufacturing of a transistor according to the inven 
tion. 
The Figures are diagrammatic and are not drawn to 

scale. In particular the dimensions in the thickness 
direction are exaggerated. Corresponding parts have 
the same reference numerals, and semiconductor re 
gions of the same conductivity type in crosssection are 
hatched in the same direction. 
FIG. 1 shows in plan view the electrode geometry of 

emitter (E) and base (B) metallization of an example of 
a transistor manufactured according to the present in 
vention. In this example only three emitter fingers and 
four base fingers are shown; normally the number of 
fingers is much greater although a transistor having 
only one emitter region and only one base contact zone 
may be made according to the invention. 
To start with, there is provided a first insulating layer 

1 on a surface of a collector region 2 of a first conduc 
tivity type. See FIG. 2 which, like FIGS. 3-6, is a cros 
ssection according to the line II-II in FIG. 1. In this 
embodiment collector region 2 is an epitaxial n-type 
silicon layer having a thickness of 1.2 um and a resistiv 
ity of 1.3 Ohm cm, grown on a substrate 3 of highly 
doped n-type silicon and having a resistivity of 0.012 
Ohm cm. Other thicknesses and resistivities may be 
chosen if desired. Layer 1 in this example is a silicon 
oxide layer with a thickness of for instance 0.6 um. 

In oxide layer I in a first masking step at least one 
aperture 4 is formed, see FIG. 2. By means of implanta 
tion of BF2+ ions 5 (dose 7x10.3ions per cm2, energy 
75 keV) and using oxide layer 1 as a mask a base region 
6 of the second, opposite (in this example p) conductiv 
ity type is formed having a thickness of about 0.4 m. 
Other doping substances than BF2 + ions may be used. 
If desired base region 6 may be formed by diffusion 
instead of by ion implantation. If desired a number of 
base regions may be formed and connected together. 
A second insulating layer 7, in this example also of 

silicon oxide and 0.3 um thick is formed on base region 
6 (and in this example also on oxide layer 1), see FIG. 3. 
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Layer 7 may be deposited by decomposition of a silicon 
compound such as SiH4 or by other means; it may also 
be thermally grown. In oxide layer 7 in a second mask 
ing step at least one emitter window 8, in this example 
three windows, are formed by etching, such as photo 
lithographic etching using a photoresist mask. 
Then, donor ions, in this example, arsenic ions 9 (dose 

5X105 ions per cm2, energy 30 keV) are implanted in 
the emitter windows to form at least one (here three) 
n-type emitter regions 10 embedded in base region 6. 
The emitter regions 10 are about 0.2 pum thick. 
A masking layer 11 (see FIG. 4) is then provided on 

the second insulating layer 7 and in the emitter win 
dows, and in a third masking step at least one opening 
12 (here four) is formed in masking layer 11 above base 
region 6 and outside the emitter windows 8. In this 
example layer 11 is a photoresist or other radiation-sen 
sitive masking layer in which the openings 12 are pro 
vided by exposure to radiation and development in the 
usual way. 
Using layer 11 as an etching mask, base contact win 

dows 13 are now etched in oxide layer 7 under openings 
12, see FIG. 5. Then, boron ions (dose 101sions per cm2, 
energy 25 keV) are implanted in the base contact win 
dows 13 to form at least one (here four) 0.6 um deep 
p-type base contact zones 14 which are more heavily 
doped than base region 6. The base contact zones 14 
may extend throughout the thickness of base region 6 
but this is not necessary. This boron implantation is 
done using the photoresist layer 11 as a mask. 
The photoresist mask 11 is then removed by stripping 

in the usual way, and an annealing at 1000 C. for 13 
minutes is done. The abovementioned thicknesses of 
emitter-, base- and base contact zones all refer to the 
final thickness obtained after this annealing step. Emit 
ter contacts 15 and base contacts 16 (see FIG. 6 and also 
FIG. 1) are formed in emitter and base contact windows 
8 and 13. A collector electrode layer 17 may be formed 
on substrate 3 (see FIG. 6). The emitter- and base 
metallization may be Ti-Pt-Au or any other suitable 
metal. 
The transistor may then be mounted and encapsu 

lated. In this example the base-emitter finger pitch is 2.5 
um and the emitterfinger width is 0.75um. The transis 
tion frequency fris 7.5 GHz. Due to the high fr value 
and the low base resistance the noise is very low. These 
features are clearly superior to those of transistors ob 
tained with conventional techniques. 
Although the transistor of the above example is a 

discrete device, the method according to the invention 
may be also used to manufacture a monolithic inte 
grated circuit comprising a bipolar transistor. In this 
case the collector contact normally will be provided on 
the upper major surface. 
The invention is not limited to the example described 

above. The emitter- and base contact regions do not 
ncessarily have the form of fingers but may also have 
other geometries. The insulating layer may consist of 
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4. 
materials other than silicon oxide, for instance silicon 
nitride. There may be emitter series resistances incorpo 
rated in the emitter fingers. For passivation purposes on 
the insulating layers 1 and 7 there may be provided 
further insulating layers, for instance in the above exam 
ple oxide layer 7 outside base region 6 may be covered 
with a silicon nitride layer. Finally the used photoresist 
may be sensitive to other radiations than visible light, 
for instance to ultraviolet radiation or to X-rays, and the 
conductivity types may be inverted so as to obtain an 
pnp- instead of an inpn-transistor. 
What is claimed is: 
1. A method of manufacturing a high frequency bipo 

lar transistor comprising the steps of 
providing a first insulating layer on a surface of a 

collector region of a first conductivity type, 
forming at least one aperture in said first insulating 

layer, 
introducing dopant of a second conductivity type 

into said surface through said aperture in said first 
insulating layer to form a base region of said second 
conductivity type, 

providing a second insulating layer at least on said 
base region, 

forming a plurality of windows in said second insulate 
ing layer, 

introducing dopant of said first conductivity type into 
said plurality of windows to form a plurality of 
emitter regions embedded into said base region, 

providing a masking layer onto said second insulating 
layer and said plurality of emitter regions, 

forming a second plurality of windows in said mask 
ing layer above said base region and exclusive of 
said emitter windows, 

etching said second insulating layer at said second 
plurality of windows in said masking layer, 

introducing dopant of said second conductivity type 
through said second plurality of windows to form a 
plurality of base contact zones in said base region, 
said base contact zones being more highly doped 
than said base region, 

removing said masking layer, and 
forming a plurality of emitter contacts contacting said 

plurality of emitter regions and a plurality of base 
contacts contacting said plurality of base contact 
zones through said first plurality of windows and 
said second plurality of windows respectively. 

2. A method according to claim 1, wherein said plu 
rality of emitter contacts and said plurality of base 
contacts are interdigitized. 

3. A method according to claim 1, wherein said mask 
ing layer is a photoresist layer. 

4. A method according to claim 1, wherein said first 
and second insulating layers are of silicon dioxide. 

5. A method according to claim 1, wherein said high 
frequency bipolar transistor has a transition frequency 
of 7.5 GHz. 
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